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ultrasound (TUS), or CT-guided biopsy. Pathology specimens of obstructing lung masses and/or large paratracheal lymph nodes often are obtained at bronchoscopy with forceps or by transbronchial needle aspiration. Pathology specimens of pancreatic masses, especially those causing obstructive jaundice are still commonly obtained at the time of diagnostic or therapeutic ERCP (endoscopic retrograde cholangiopancreatography) with brushing, needle aspiration, or intraductal biopsy forceps. When lesions cannot be accessed by the above techniques, more invasive methods, such as mediastinoscopy or operative biopsy (laparoscopic or open) are used. The primary limitations of TUS and CT-guided aspiration include difficulty in accurately targeting small lesions and finding a safe-skin-to-lesion route, especially for deep-seated retroperitoneal, mediastinal or perirectal lesions. The diagnostic yield of pancreatic malignancies with ERCP biopsy is particularly problematic, with reported sensitivities ranging from 20% to 80%, and most series having yields of a definitive malignant diagnosis of only around 50%. The complication rate for ERCP cytologic brushing is reportedly as high as 11% for the biliary tree and 21% for pancreatic strictures [12] [13] [14] .
Commercial radial echoendoscopes were introduced by the Olympus Corporation in 1987. Although EUS-FNA was performed successfully with radial echoendoscopes, it was not until 1991, when the linear-array echoendoscopes by Pentax Precision Instruments were introduced, that EUS-FNA has been extensively utilized for a variety of lesions. Fundamentally, EUS-FNA involves passing an 18-to 25-gauge aspiration needle through the biopsy port of an echoendoscope under real-time guidance into a EUS visualized mass lesion, lymph node, lesion within another organ, or fluid collection.
Although EUS is considered superior to MRI or CT with cross-sectional imaging for tumor detection smaller than 2 to 3 cm [15, 16] , it is the ability to target and place a needle into suspicious lesions at the closest proximity between the tip of the echoendoscope and the targeted lesion that has made EUS-FNA indispensable in the pre-operative diagnosis, especially in situations where neoadjuvant therapies or non-surgical management might be the clinical choice. Determining the role of EUS-FNA when alternative diagnostic modalities are available is difficult to assess in clinical trials; however, decision analysis models have been used to study the impact of EUS-FNA in lesions of many sites, including non-small-cell lung cancer with mediastinaladenopathy [17, 18] , esophageal cancer and pancreatic cancer [19] [20] [21] . Commonly employed diagnostic modalities including CT-guided or US-guided FNA, ERCP with brushing, laparoscopic surgical biopsy and EUS-FNA have been analyzed for their costs, failure rate, testing characteristics and complication rate. In each of these analyses, EUS-FNA is the most cost-effective approach as the primary diagnostic modality and the preferred secondary alternative method after a failed initial diagnostic method as the least costly follow-up method.
The overall complication rate of EUS-FNA appears to be about 1-2% [22, 23] , comparable to that reported with CT or US-guided FNA or biopsy. However, another significant factor favoring EUS-FNA over transcutaneous biopsy is avoiding the possible risk of needle-tract seeding [24] . During EUS-FNA the aspiration needle travels from the gut lumen to the lesion, a pathway that usually does not involve significant crossing of peritoneal or pleural surfaces. In addition, endosonographers may have multiple options for the most accessible ap-proach to a lesion, such as through esophageal, gastric or duodenal path. In the case of pancreatic neoplasms, because of EUS-FNA imaging advantages, high diagnostic yields and concern over needle-tract seeding with transcutaneous aspiration, the 6 th edition of the handbook on cancer staging by the American Joint Committee on Cancer has recommended EUS-FNA as the preferred sampling technique in pancreatic masses if available [25] .
Lastly, EUS-FNA has also opened the era of interventional endoscopic ultrasound (IEUS). In the same way as FNA, the close proximity between the needle tip and the targeted organ allows therapeutic procedures, such as injection therapies, to be performed safely and effectively. This includes EUS-guided celiac plexus neurolysis and block for pain relief, drainage of pancreatic pseudocysts and pelvic fluid collections, and implantation of fiducial markers and radioactive seeds into malignant tumors. Other emerging EUS-guided experimental techniques include antitumor injection, ablation of tumors, and vascular access. IEUS is a very promising technique with many potential applications [26] [27] [28] .
On a different note, performance quality in endoscopy is becoming an important issue for patient care. Currently there is no universally accepted method for performance quality indicators in EUS, mostly because cancer staging accuracy cannot be verified without surgical resection. In addition, FNA yields of many sites (such as mediastinal lymph nodes) vary greatly based on pretest probabilities. Because most pancreatic masses that undergo EUS-FNA have a very high pretest probability of being malignant and most endosonographers agree that pancreatic neoplasms are among the most difficult lesions on which to perform EUS-FNA, the diagnostic yield of EUS-FNA of solid pancreatic masses has become a benchmark for EUS-FNA quality. Much of the data for performance quality has come from series on pancreatic EUS-FNA, which is also the approach of most of our studies discussed in this chapter. In a multicenter retrospective study of 1075 patients who underwent EUS-guided FNA of solid pancreatic masses, the overall diagnostic rate of malignancy was 71%, the median rate per center was 78% and the median rate per endoscopist was 75% [29] , remarkably higher than any other aforementioned diagnostic modalities.
The ideal benchmark for pancreatic EUS-FNA performance, however, would be the actual sensitivity and specificity of diagnosing malignancy and require the criterion standard of either surgical pathology or long-term follow-up, which is the focus of our studies in the next section.
need for evidence based decisions regarding how to allocate pathologists. The clinical impact of immediate interpretation provided by cytopathologists during the EUS-FNA procedure and the statistical significance of this cytologic service has been welldocumented [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] , although with variable conclusions. Many of the previous studies have included a wide range of disease entities sampled by EUS-FNA procedure. In addition, by including cystic lesions, previous analysis has been complicated by the high likelihood of acellular or pauci-cellular specimens obtained from the cystic lesions, which could be interpreted as inadequate on cytology. Thus, the clarity of outcome measurements from previous studies has been hindered by the complexity of the diseases included, and by inclusion of cystic lesions with an unduly high "inadequacy" rate. In addition, many previous studies have used clinical survival years as a surrogate for final assessment of diagnostic accuracy. Our goal in the hereby presented study is to use EUS-FNA of solid pancreatic masses as the benchmark procedure to compare diagnostic yield and accuracy in a strictly defined clinical setting of EUS-FNA performed in the presence or absence of on-site immediate cytologic interpretation. Histologic examination is used as the gold standard for comparison.
To avoid the confounding sampling issues of cystic lesions, this study was focused on the diagnostic yield of EUS-FNA in non-cystic pancreatic mass-like lesions. A computer inventory search located 215 cases during the years 1999-2007 at University of Washington Medical Center and Harborview Medical Center, both in Seattle, WA, USA. These included 100 cases where immediate cytologic interpretation was available and 115 cases without immediate interpretation. Surgical pathology and clinical follow-up information were evaluated whenever possible. Comparison between the cytologic diagnoses with or without on-site immediate cytologic interpretation was facilitated by well-documented cytology reports. "Positive" specimens were defined as suspicious or malignant cytology. "Inadequate" specimens were defined as "rare atypical cells, non-diagnostic"; "essentially acellular specimen", or "gastrointestinal tract carry-over material". "Negative" specimens were defined as "adequate cellularity with benign or reactive features". Table 1 , the rate of inadequate specimens was significantly lower for cases with immediate cytologic interpretation (1% versus 21%; p <0. 0001). Although not statistically significant, there was a trend toward the need for fewer repeat procedures with the availability of immediate evaluation (rate 5% versus 10%; p <0. 3). Of the 215 cases, surgical pathology follow-up was available for 55 cases. As would be expected, the majority of pancreatic mass lesions with surgical pathology comprised chronic pancreatitis (n=14), pancreatic ductal adenocarcinoma (n=29), and pancreatic endocrine neoplasms (n=7) ( Table 2 ).
As shown in

N = Positive
Case Type
Case Number (N)
Chronic pancreatitis 14
Pancreatic ductal adenocarcinoma 29
Pancreatic endocrine neoplasm 7
Solid pseudopapillary neoplasm of pancreas 2 Lymphoma 2 Fibromatosis 1 With histologic follow-up, we identified one false positive case, both at immediate interpretation and at final cytologic review, for which no neoplasm was identified at the open surgery or at repeat EUS-FNA procedure; this may have been a reactive mass that resolved after resolution of inflammation (with 12 months follow up). Cases with negative cytology results usually do not progress to surgical intervention, and surgical resection is also not performed in cases with unresectable malignancy. Due to the expected small number of cytologically negative cases with histologic follow-up, the single false positive case would have weighed un-proportionally in the calculation of specificity and positive predictive value. False negative cases represented well-differentiated pancreatic adenocarcinomas and cases of unrepresentative sampling, including one case of fibromatosis of pancreas. The number of cases with diagnostic discrepancy between cytologic and histologic diagnoses, and the corresponding statistical values, are summarized in Table 3 and Table 4 . When comparing cases with on-site cytopathology immediate interpretation to those without, there was a trend toward greater sensitivity (83% versus 65%, p=0.19) with similar specificity (86% versus 100%, p=0.29). There was also a trend toward lower cytologic-histologic discordance rate in cases with availability of immediate interpretation by cytopathologists (16% versus 27%, p=0.34). Positive predictive value was comparable for cases where cytopathologists were present on-site compared with cases where no cytopathologists were present (94% versus 100%, p=0. 32), but the availability of immediate interpretation resulted in a higher negative predictive value (67% versus 47%, p=0.34). In this study, the drop of the inadequacy rate from 21% without on-site immediate interpretation to 1% with on-site immediate interpretation is highly statistically significant (p value < 0.0001). The repeat procedure rate dropped correspondingly from 10% to 5%. It has been shown that EUS-FNA would lose its advantage over the other diagnostic options if its failure rate were over 20% [44] . The EUS-FNA procedure in various body sites (thyroid, breast, lung, etc. ) generally has a comparable reported failure rate when performed without immediate interpretation, with an average failure rate of 20% and a maximum of reported failure rate of 32% [32, 33, [45] [46] [47] . In our current study, without immediate interpretation, our inad-equacy rate was 21%, a rate at which the procedure may not be cost effective over other diagnostic options. On-site immediate cytology interpretation of EUS-FNA of solid pancreatic lesions thus results in cost savings, reduced intervals between diagnosis and therapeutic intervention, and enhanced patient care.
An important task at the EUS-FNA procedure is representative sampling of the lesion. With on-site immediate microscopic evaluation of part of the sample, an experienced cytologist should be able to assess the cellularity of the sampling and to differentiate gastrointestinal tract carryover material from moderately to poorly differentiated malignant cells. The presence of dense numbers of inflammatory cells, necrotic debris, and fibrous stromal elements provides good evidence that the endosonographer is actually sampling the targeted lesion. In our experience, on-site communication with immediate feedback is invaluable in guiding the next needle pass. Another indispensable value is that immediate evaluation gives the pathologists the best opportunity to triage the sampled material for its optimal use, including sending fresh specimen for flow cytometry analysis for possible lymphoproliferative disease, sending cyst contents for microbiology tests, or chemical analysis for tumor markers, such as amylase, CEA, CA19-9, etc. All those commonly available laboratory tests cannot be performed once the specimen is fixed.
What is the impact of EUS-FNA on-site evaluation in situations of non-solid pancreatic lesions [48] [49] [50] [51] [52] ? In our daily practice of cytology, EUS-FNA specimens comprise almost half the volume of our on-site immediate assessment service. There are occasions when the aspirated material has presented with an unusual or unexpected, and yet remarkable gross appearance. On-site availability gives us the advantage of observing the gross appearance of freshly aspirated material. With increased experience, we feel these grossly "unusual" aspirates can actually help to raise our suspicion towards a relatively specific diagnosis and triage the material for certain helpful laboratory tests. In our 2008 publication, we conducted 10-year institutional case review and summarized three different patterns of gross appearance of aspirated material from non-neoplastic pancreatic and peri-pancreatic cystic lesions [53] .
Pattern 1: Grossly yellowish-green pasty material
Case 1: we encountered two patients who presented with almost identical gross and microscopic findings at EUS-FNA. The first patient was a 52-year-old male with a past medical history of acute gallstone pancreatitis 4 years prior, treated by cholecystectomy. He has had no other episodes of pancreatitis after the surgery. During a workup for his nephrolithiasis, CT scan incidentally identified a 3 cm unilocular cyst adjacent to the neck and body of his pancreas. Endoscopic ultrasound was requested in order to evaluate this peri-pancreatic cystic lesion. On site, EUS revealed a 3.4 cm primarily hypoechoic lesion. Aspirated material had an unusual yellowish-green gross appearance with a pasty texture. Microscopically, the smears contain rare squamous cells of gut luminal origin, abundant amorphous material and acellular debris (Figure 1, A) . A Hall's stain for bilirubin showed focal staining, suggestive of bile pigment (Figure 1, B ). Serum amylase assay was within normal range during this period. In light of the cytological finding and clinical presentation, it was felt that the lesion was most consistent with a small, chronic biloma, which likely developed at the time of his cholecystectomy. Follow up CT scan revealed an unchanged cyst and no further evaluation was recommended. Case 2: the second patient was a 39-year-old male with a history of chronic pancreatitis. During the workup for his intermittent upper abdominal pain, CT scan revealed a 2 cm hypodense mass off the tail of his pancreas. The patient underwent EUS-FNA twice. Each time EUS revealed a 2cm hypoechoic mass off the tail of the pancreas and grossly similar copious yellowish-green material was aspirated and submitted for cytology. Microscopically, both EUS-FNA specimens from this patient revealed almost identical findings as our previous case with abundant bile-stained cyst contents and amorphous debris (Data not shown). No inflammation was present. Concurrent serum CA19-9 assay was within normal limits. Although a specific diagnosis of biloma was not rendered on the original report, findings argue for a benign cystic lesion and a CT follow-up for the stability of the lesion was recommended without further intervention.
Pattern 2: Grossly tan-white cheesy material
Case 3: this was a 42-year-old male with chronic alcohol use and chronic hepatitis B and HIV co-infection. CT scan found a cystic lesion near the pancreatic tail, which had been stable in size. EUS identified a 2.5 cm complex cystic lesion adjacent to the pancreatic tail with both cystic and solid components. Aspirated material was grossly tan-white in color and semi-solid, cheesy in texture. Most of the material was lost during processing when air-dried or alcoholfixed slides with Diff-Quik or Papanicolaou staining was attempted. Microscopic examination only revealed abundant amorphous degenerate material (Figure 2, A) . Given the suspicion that material was dissolved by alcohol, Oil-Red O stain was performed on air-dried slides and showed variable fat staining (Figure 2, B) . Because of the unusual gross appearance, the aspirated material on site was also sent for microbiology (negative findings) and assayed for CEA (164971 ng/ml), and amylase (2357 u/L). The significantly elevated CEA level was concerning for malignancy. The patient subsequently underwent a distal pancreatectomy and splenectomy. Surgical pathology specimen revealed a cyst present in the adipose tissue adjacent to the pancreas filled with tan-white cheesy material. Microscopically, the cyst is lined by mature keratinizing squamous epithelium and lymphoid tissue with germinal centers surrounding the epithelium, consistent with a lymphoepithelial cyst (LEC) of the pancreas (Figure 2 , C & D). The possibility of a dermoid cyst was also considered due to the evident sebaceous gland differentiation beneath the squamous epithelium. However, the lack of hair follicles and sweat glands and the presence of dense lymphoid tissue with germinal centers were most consistent with the diagnosis of LEC of the pancreas. We presume that the abundant oily material filling the cyst was partially due to the secretion of the sebaceous glands that accumulated intracytoplasmic lipid droplets and produced oily sebum extracellularly. Mixed in with keratin debris, this material could account for the unusual gross-appearance of that tan-white semi-solid atheromatous material aspirated from this patient on EUS-FNA. 
Pattern 3: Grossly amber clear fluid, can be darker due to thickness
Cases 4-6: a computer inventory search from year 1997-2007 at University of Washington allowed us to review three additional cases of lymphoepithelial cysts with cytological diagnosis and follow-up surgical resections. The features of these 3 cases are summarized in Table  5 . All those surgical-proven lymphoepithelial cysts showed grossly clear fluid on cytology aspiration with color variation described from light yellow to darker-brown. Available laboratory data showed low amylase and CEA level. The follow-up surgical specimens revealed simple lymphoepithelial cysts with no sebaceous gland differentiation.
Cases 7-8: also included in Table 5 are two cases of surgical-proven pancreatic pseudocyst that presented with grossly similar amber clear to brownish fluid on aspiration while concurrent amylase and CEA level were in the normal range. 
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Our experience tells us that being fully aware of the limitations on cytology diagnosis and the high possibility of non-representative sampling of the lesions, cytologists should be ready to reject or classify the specimens as non-diagnostic in many situations of acellular cytological material and thus avoid misleading the clinical decisions with an erroneous diagnosis. On the other hand, based on the individual institute settings and the availabilities of cytopathologists for on-site immediate assessment, cytology diagnosis tends to ignore the gross appearance of the aspirated material and the background material is also often overlooked microscopically, especially in an acellular cytology specimen. Incorporating those gross material observations can sometimes add valuable information towards a pathological diagnosis.
We presented three entities (8 cases) here in an attempt to highlight the diagnostic value of gross appearance in fine needle aspiration cytology that can provide clues to the nature of a pancreatic or a peripancreatic cystic lesion. These three entities: biloma, pancreatic lymphoepithelial cyst and pancreatic pseudocyst, although considered uncommon and not widely represented in the cytology literature, are actually encountered more commonly now with the rapid advance of our imaging and imaging guided-sampling practices. On cytology specimens, those are the lesions that generally produce acellular or sparsely cellular material (not including carryover material from gastrointestinal luminal origin). However by carefully combining the clinical, radiological, laboratory and cytological findings grossly and microscopically, cytology can help lead to or confirm clinical judgments and aid in patient care.
A biloma is an encapsulated bile collection outside the biliary tree. The underlying causes include iatrogenic, traumatic, and spontaneous injury of the biliary tree causing bile leaks. Its diagnosis can be established upon clinical history, imaging studies, and needle aspiration cytology and chemical analysis of the aspirated fluid. The symptomatic biloma if left untreated may result in significant morbidity and mortality. However, non-surgical intervention is considered the first choice of treatment for biloma, especially in many asymptomatic situations. Alternatively symptomatic biloma may be treated successfully with interventional radiologic techniques instead of open surgery [54, 55] . It was recently reported that endoscopic ultrasound-guided fine-needle aspiration of an infected biloma, together with endoscopic biliary stent placement, resulted in complete resolution of a patient's biloma [56] . Thus, cytological diagnosis of biloma upon EUS-FNA can help a great deal in managing this potentially complex problem.
A wide variety of cystic lesions can arise within or adjacent to the pancreas. They can be generally placed into non-neoplastic and neoplastic categories. The non-neoplastic cystic lesions can be both congenital and acquired. EUS-FNA has emerged as the primary choice for obtaining diagnostic material on pancreatic cystic lesions. Aspirated cystic fluid analysis for pancreatic enzymes, tumor markers, and fluid viscosity can be of great help in the differential diagnosis. Non-neoplastic cysts generally are high on amylase level and low on tumor markers (CEA, CA 19-9) while these tumor markers are generally elevated in malignant cystic neoplasms, but low in non-neoplastic or benign neoplastic cysts. Having said that, exceptions do occur and no standardized values exist among institutions. On cytology speci-men, neoplastic cystic lesions usually produce a more cellular aspirate compared to nonneoplastic cysts if appropriately sampled.
The acquired non-neoplastic pancreatic cysts include dermoid cysts, LECs and pseudocysts. Both dermoid cysts and LECs are squamous-lined non-neoplastic cysts. LECs are benign cystic lesions [57] seen predominantly in males, in the fifth to sixth decades of life. They may be unilocular or multilocular. The cyst contents may vary from serous to cheesy/casseousappearing material depending on the degree of keratin formation. Microscopically, the cysts are lined by well-differentiated stratified squamous epithelium, which may or may not have prominent keratinization. In some areas, the lining may appear more transitional, and in others, flat, cuboidal, or focally denuded. The squamous epithelium is surrounded by a band of dense lymphoid tissue composed of mature T-lymphocytes with intervening germinal centers formed by B cells. The representative aspirate findings are non-specific, showing a mixed population of lymphocytes, histiocytes in a background of keratin debris and proteinaceous debris. Squamous lining cells may be seen. The occurrence of sebaceous glands in LEC of pancreas is well documented [58] . It is unclear whether the florid sebaceous glandular differentiation correlates with the exceedingly elevated CEA and amylase level in our patient. LECs of the pancreas do not appear to be associated with any autoimmune conditions, human immunodeficiency virus infection, lymphoma, or carcinoma. All of these lesions have been documented to occur in their salivary gland counterparts [59] . Dermoid cysts are also rare in the pancreas region. They are reported in younger patients (2 nd -3 rd decades). The presence of sebaceous glands or hair follicles and absence of closely associated lymphoid tissue is more typical for dermoid cysts and differentiate them from LECs.
Pancreatic pseudocysts account for the vast majority (75-90%) of pancreatic cysts [60] . Pseudocyst lacks an epithelial lining. It develops when a focus of peri-pancreatic fat necrosis is resorbed, producing a debris-filled space rich in pancreatic exocrine enzymes. It is in general composed of an inflammatory fibrous capsule surrounding a region of necrosis. However, the pathologic findings may vary depending on the stage of the process. The cyst contents, originally necrotic fat, transform into a mixture of necrotic cells, enzymes, scavenger cells, cholesterol clefts and sometimes neutrophils. The tissue that surrounds the necrotic material first produces granulation tissue, and eventually becomes a fibrotic pseudocapsule. FNA usually yields clear to dark brown fluid, which often but not always (as in our cases) shows elevated amylase level on fluid analysis. Aspirate smears are again non-specific and composed of granular necrotic debris and mixed inflammatory cells [61] . A clinical history of pancreatitis and confirmatory gross evidence of pancreatitis on imaging should confirm the diagnosis. The diagnosis of pseudocyst on cytology should be considered one of exclusion.
Aim 3: Application of immunocytochemistry (ICC) studies in EUS-FNA obtained cytology material
When applying ancillary techniques in cytologic specimens, cytopathologists often encounter the difficulties of limited material, lack of negative or positive controls or lack of internal controls. On the other hand, the presence of internal control material can sometimes add confusion rather than reassurance in ICC-stained material. Nevertheless, by carefully and strategically using the cytology specimen, immunocytochemical studies are often achievable with limited aspiration material. We have used some of the techniques that have been described by others, such as immunostaining over Papanicolaou-stained monolayer slides; applying different antibodies to different areas of one smear slide; or making cell block preparations whenever possible. When unstained material is not available and no cell block is initially prepared, Dr. V. Grieco and her colleagues at Harborview Medical Center, Seattle, Washington, have used a scraped slide technique that transfers smear material on Papanicolaou stained slides into paraffin embedded cell blocks. The cell block can then be used for ICC with appropriate controls. If successful, this may avoid the necessity of obtaining additional tissue. We have routinely used this scraped cell block technique in our daily practice as well as in research projects. We hereby briefly discuss our mucin study project with archival cytology material from 1997-2007 at University of Washington, presented at Digestive Disease Week [62] . Schema of Scraping Technique is illustrated in Figure 3 : scraping the material from rehydrated direct smear slides into a cell block preparation. Cytology diagnosis of mucin-producing pancreatic neoplasms including mucinous noncystic carcinoma (colloid carcinoma), mucinous cystic neoplasm, and intraductal papillarymucinous neoplasm (IPMN) is important because of the speculation that disruption of the integrity of these mucinous tumors by an incisional biopsy may cause dissemination of tumor cells with mucin and worsen the prognosis. Mucin-detection is not always an easy task on EUS-FNA specimen. Reactive/inflammatory pancreatitis can cause dilated ducts andpseudocyst formation with proteinaceous precipitate that can be mistaken as mucinous material. Sheets of carry-over gastric foveolar cells can mimic cells from mucinous neoplasia [63] [64] [65] [66] [67] . By applying conventional cytochemistry including PAS (periodic acid-Schiff reaction), PASD (PAS with diastase), alcian blue and mucicarmin, in conjunction withmucin protein (MUC1, MUC2) immunostaining on surgical-proven cytology specimens, this study aims at selecting a practical diagnostic tool to enhance the diagnostic accuracy of detecting mucin-producing pancreatic neoplasms.
Studied material include: 1) Bench FNA specimens performed on autopsy or surgical-obtained normal tissue that are likely to be carried-over during an endoscopic procedure including pancreas, gastric body, pylorus and duodenum; 2) EUS-FNA (with scraped cell block preparation by scraping archival smears into a cell block), along with subsequent surgical specimens on mucinous cystadenoma, borderline mucinous cystic neoplasm, IPMN, colloid carcinoma and ductal adenocarcinma with mucin production; 3) Non-mucin producing lesions including solid pseudopapillary tumor and chronic pancreatitis with dilated duct. Our data demonstrate that mucicarmin is very insensitive in detecting mucin production. We are unable to show reliable mucicarmin staining on both surgical and cytology specimen of IPMN (Figure 4 , Panel D-F) as well as mucinous cystic neoplasia cases. MUC1 and MUC 2 immunostains do not consistently pick up mucin production by pancreatic neoplasia on cytology specimens either. In contrast, PAS/PAS-Diastase are a reliable and sensitive marker to stain background mucin material and mucin-producing epithelial cells on cytology, yet specific enough to distinguish proteinaceous precipitate in a pancreatitis case (Figure 4 , Panel A-C, precipitate in a dilated duct that was mistaken as possible mucinous material on cytology). The results have directed our daily practice on the use of mucin stains on cytologic diagnosis of pancreatic mucinous neoplasia.
Concomitant use of ICC can greatly enhance the diagnostic accuracy on cytology specimens, especially when it comes to the diagnostic entities invariably requiring immunophenotypic identification, such as in the diagnosis of pancreatic endocrine neoplasia (PENs) [68] [69] [70] [71] [72] . However, due to the initial unanticipated nature of the lesion, lack of cytopathologist on site or difficulties of the procedure, sufficient aspirate/biopsy material for cellblock preparation is not always available. By using the scraped cell block technique, a select panel of immunocytochemical studies can be achieved to aid in the diagnosis of PEN. Using the aforementioned scraped cell block technique, figure 5 shows strong expression of the neuroendocrine immuno-marker, chromogranin, by the neoplastic cells. Figure 6 shows neoplastic cells stained positively with the neuroendocrine marker, synaptophysin by directly applying the antibody onto a Papanicolaou-stained charged monolayer slide. Before leaving this section, it should also be stated that in cytology, as in surgical pathology, the light microscopic appearance of the tumor is more important than a particular staining result and that immunocytochemistry should be used for confirmation of the cytomorphological diagnosis. Be aware of that the staining of cytology specimens is often focal and sometimes difficult to interpret, because of various factors, including limited material, high background staining, and the presence of three-dimensional clusters with non-specific staining and edge artifact. A combined clinical, radiographic and pathologic approach should always be emphasized in rendering each diagnosis.
Aim 4: EUS-FNA as a source of material for molecular studies
We are at the beginning of the era of clinical application of molecular probes to assess genetic alterations. Many assays have become clinically available in identifying genetic alterations that serve as prognostic markers and therapeutic targets. EGFR expression in head and neck cancers, non-small cell lung carcinomas, colon cancers, and recently in pancreatic cancers [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] ; microsatellite instability tests in colon cancer serve as prognostic marker, therapeutic predictive marker and screening test for Lynch syndrome [83] [84] [85] [86] [87] [88] are among the most studied areas. Immunodetection of molecular markers on cytology specimen, especially in cancer staging for metastatic disease will be playing a major role as a guide for moleculartargeted therapy. EGFR expression has now been routinely assessed on cell block cytology specimens by many of the commercial or academic laboratories. A prominent example in this regard is FNA diagnosis of thyroid nodules. Given that the cytology reports on thyroid FNA diagnoses are often indeterminate or suspicious, the potential use of diagnostic molecular markers as adjunct methods for cytologic diagnosis appears to be among the most promising area of research [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] . Fluorescent (FISH) and chromogenic (CISH) in situ hybridization have recently become part of the diagnostic armamentarium of breast pathologists. HER2 gene amplification testing by FISH and/or CISH has become an integral part of the diagnostic workup for patients with breast cancer [99] [100] [101] [102] [103] [104] [105] . FISH or CISH is now used in FNA material with success in many situations, including HER2 assessment in FNA with excellent correlation with the histologic specimens [106] [107] [108] . Many other applications, such as N-myc amplication on FNA from neuroblastomas [109, 110] and potential use of multiplex FISH for detection of recurrence of transitional carcinomas on urine specimens [111] [112] [113] [114] are also well documented molecular tests using cytology specimens.
Compared to paraffin-embedded tissue, cytology specimens offer the advantage of disaggregated, intact cells, with fewer problems associated with tumor cell homogenization. FISH or CISH probe for diagnosis should be expected to be detected more accurately in cytologic specimen as it contains whole cells and whole nuclei. For the patient, the advantages include low cost, prompt access and the avoidance of surgery.
In carcinogenesis, the majority of molecular alterations occur prior to progressive tumor growth. It has been well documented that resection of small (early) pancreatic tumors and tumors of low histological or cytological grade and stage are correlated with improved survival.
It is, therefore, important to identify these tumors in their early stages. DNA methylation changes are an early event in carcinogenesis and are often present in the precursor lesions of various cancers. Dr. N. Kiviat's lab at Harborview Medical Center, Seattle, Washington, has published extensively in constructing a panel of candidate hypermethylated genes with optimal sensitivity and specificity as a potential screening tool for cervical neoplasia, ovarian carcinoma and lung cancer [115] [116] [117] [118] . In collaboration with Dr. N. Kiviat's lab, we performed molecular tests on EUS-FNA of pancreatic lesions in the form of remains in liquid-based preparation, together with bench-performed mock FNA from normal pancreas obtained through Harborview trauma center. We preliminarily tested the hypothesis that a panel of hypermethylated genes with high sensitivity and specificity for pancreatic adenocarcinoma might increase the accuracy of diagnosis of FNA and brush cytology on pancreatic cancer.
Method Excess material from five pancreatic FNAs, three pancreatic duct brushings and nine bile duct brushings from patients who subsequently had histologic evaluation upon surgery were studied. Genomic DNA was isolated from residual cytology brushing sample pellets using QIAamp Blood DNA isolation kit and methylation status of seven genes, was accessed using MethyLight assay after bisulfite conversion [115] . These genes were reported to be frequently methylated in other cancers, including RASSF1A (Ras association domain family 1A gene), UCHL1 (ubiquitin carboxyl-terminal esterase L1), APC (adenomatosis polyposis coli), IGSF4 (also called CADM1, cell adhesion molecule 1), CDH13 (cadherin 13), CCND2 (cyclin D2), and CDKN2A (cyclin-dependent kinase inhibitor 2A, p16). Primers and probes for these genes are listed in Table 6 . Sample adequacy after bisulfite conversion was determined by amplification of β-actin gene (ACTB). The percentage of methylated reference (PMR) for each gene was calculated as before [115] . The methylation status of a sample was categorized in two ways: as having any methylation present (PMR>0) and as having high levels of methylation (PMR≥4%), as previously described [115] . On microscopic examination of the FNA and brush cytologic specimens, 8 of the 12 samples which were later shown to be malignant (on biopsy) were classified as "suspicious" for malignancy while four were called definitively "positive" for malignancy by FNA or brush. The remaining four cases were histologically benign. Two of these cases were called "negative" on microscopic examination of the FNA or brush specimen, one was classified as "atypical" and one as "suspicious for malignancy". The distribution of aberrantly methylated genes of interest among the benign and malignant lesions is presented in Table 7 . Methylation of three different genes (RASSF1, IGSF4, and CDH13) was present at some level in malignant but not benign samples, and methylation of two other genes (UCHL1 and APC) was present at a higher frequency in the majority of malignant samples but was present in only one of four benign samples. For two genes, methylation was either present in nearly all samples, regardless of histologic diagnosis (CCND2) or was not present in any samples (CDKN2A). For five genes, high levels of methylation (PMR≥4%) were present in malignant cases but were not detected in any of the benign samples. We next identified the combination of genes with the highest sensitivity and specificity for pancreatic cancer.
When any level of methylation was considered as positive, aberrant methylation of CDH13 or RASSF1 provided optimal sensitivity and specificity for cancer, being present in 75% of malignant and 0% of benign specimens (Table 7) . Considering high levels of methylation (PMR≥4%), the most sensitive and specific combination of methylated genes was UCHL1, CDH13 and RASSF1 which were positive in 67% of malignant but 0% of benign specimens ( Table 7) . Next we examined, whether detection of aberrantly methylated genes might increase our ability to accurately classify FNA and brush specimens as "positive" or "negative" for malignancy. Using this approach, FNA and brush specimens were classified as "Positive for malignancy" if either cells with malignant morphologic changes or any level of methylation of CDH13 or RASSF1 was present ( 
Conclusions.
Although the present study was limited by the fact that we were not able to test these algorithms in an independent sample, it appears that FNA and brush cytologic specimens can be more accurately classified as positive or negative for pancreatic cancer by including methylation analysis of tumor suppressor genes.
The variable mixture of tumor cells and normal cells is a major challenge when it comes to the molecular analysis of diagnostic or therapeutic targets in cytologic specimens. Cytologists are needed to play an active role in the adoption and application of molecular techniques, since we are able to interpret the results in the light of cytological morphology. Our pilot data holds promise for further research to conduct a genome wide search for additional aberrantly methylated genes with high sensitivity and specificity for pancreatic cancer and which are not methylated in other tissues (such as colon, liver, stomach, duodenum) which can be frequently or incidentally present as carry-over material in FNA and brush specimens from pancreatic lesions.
Aim 5: Achieving the full value of EUS-FNA with an integrated approach: A EUS-FNA case study
A 67-year-old woman was found to have a large retroperitoneal mass of uncertain etiology. The mass appears to invade the inferior vena cava and renal vein. Two prior attempts of CT and ultrasound guided biopsy were non-diagnostic due to the biopsy specimen consisting predominantly of necrotic tissue. Endoscopic ultrasound and enteroscopy were requested to re-evaluate the lesion and re-attempt biopsy.
In the initial effort of EUS-FNA, rare clusters of neoplastic cells having round nuclear contour, mild nuclear crowding and overlapping, vesicular chromatin pattern, and distinct nucleoli are noted in a background of extensive necrosis and blood. Fresh material sent for flow cytometry analysis contained an abnormal CD56-and EpCAM-positive population. Abnormal B or T cell populations were not identified. A cytologic impression was issued as: Positive for neoplasm with features suggestive of neuroendocrine origin. Before implementing chemotherapy as neuroendocrine tumor, our astute clinician ordered indiumIII octreotide scan for clinical correlation and found no evidence of focal radiotracer uptake in the abdominal mass. The diagnosis was subsequently felt not sufficiently conclusive for therapy as neuroendocrine neoplasia. A repeat biopsy was requested. During the second attempt of EUS-FNA, there was extrinsic appearing compression at the second, third, and fourth portions of the duodenum with no evidence of mucosal lesions or ulcerations. A large (greater than 12 cm) heterogeneous hypoechoic mass lesion was identified adjacent to the head and neck of the pancreas. One component of the mass appeared to be cystic (Figure 7 , panel A, with needle inside the cystic area), and a more solid component was also identified (Figure  7, panel B) . The former was sampled with FNA, the latter with a core biopsy. Nine total FNA passes were obtained with on-site immediate interpretation: Many clusters of viable cells were obtained during the second attempt of EUS-FNA, displaying cytological features including three dimensional clusters, loose monolayer and individual monotonous cells, microfollicular pattern and nuclear grooves (coffee bean-like nuclei). The tumor cells are uniform and lack nuclear hyperchromasia and pleomorphism (Figure 7 , panel C-E). Given the ample material obtained, a cell block was prepared and a more complete panel of antibodies for ICC was able to be performed, with the following results (19 antibody stains performed on cytology specimen, figure 7 , panels E, F): Table 9 . 
Comment:
The cytologic appearance of this tumor, along with the overall immuno-phenotype demonstrated by calretinin and inhibin positivity, supports the diagnosis of granulosa cell tumor. Additional studies performed at PhenoPath Laboratory using the more sensitive anti-ER antibody SP1 document expression of estrogen receptor (in contrast to the negative anti-ER studies using the 1D5 clone), further supporting the diagnosis of granulosa cell tumor.
After the diagnosis, patient recalls that she had a procedure for granulosa cell tumor about 30 years ago in Mexico.
Granulosa cell tumor may pose a diagnostic challenge in cytology preparations. First, there is some similarity between the granulosa tumor cells and reactive mesothelial cells. Indistinct cell borders, high nuclear cytoplasmic ratio and indentation of the nuclear membrane are helpful features in distinguishing granulosa tumor cells from mesothelial cells. Secondly, although nuclear features, especially nuclear grooves, are one of the classic features on granulosa cell tumor, they can also be seen in other ovarian tumors such as Brenner tumor and other sex cord-stromal tumor. Other characteristic histological features for granulosa cell tumor, such as Call-Exner bodies, a second population of elongated theca cells, are rarely evident on cytology specimens. Lastly, as occurred in our case, cells of carcinoid, especially pancreatic neuroendocrine tumors in this anatomic site, share many features of granulosa cells. Judicious use of a panel of immunocytochemistry (with the availability of sufficient sampling material) can be of great help in this scenario. Granulosa cell tumor is positive for inhibin, CD99, calretinin, vimentin, CD56, is generally negative for cytokeratin, EMA, Ber-Ep4, and is negative for neuroendocrine markers synaptophysin and chromogranin. Brenner tumor and other sex cord-stromal tumor usually are positive for cytokeratin and EMA.
As illustrated in this case, clinical-pathologic correlation is essential with octreotide scan preventing a diagnostic pitfall of neuroendocrine neoplasia. The on-site cytology interpretation performed for each of 9 EUS-FNA passes played a pivotal role in obtaining adequate viable diagnostic material, considering the sampling difficulty due to extensive tumor necrosis despite the apparent large size of the tumor by imaging study. A more complete ICC panel was thus able to be performed. The ICC results together with cytomorphology led to a diagnosis consistent with the subsequently retrieved clinical history.
Thus, our final note: the full value of FNA is only achieved with the integrated approach: the integration of clinical information, light microscopic analysis, results of ancillary studies, and even the gross appearance of the aspiration material will inform and lead us to a more accurate pathology diagnosis that can help tremendously in directing patient care.
